Lipoteichoic acid (LTA) from Lactobacilus casei contains poly(glycerophosphate) substituted with D-alanyl ester residues. The distribution of these residues in the in vitro-synthesized polymer is uniform. Esterification of LTA with D-alanine may occur in one of two modes: (i) addition at random or (ii) addition at a defined locus in the poly(glycerophosphate) chain followed by redistribution of the ester residues. A time-dependent transacylation of these residues from D_[14C]alanyl-lipophilic LTA to hydrophilic acceptor was observed. The hydrophilic acceptor was characterized as D-alanyl-hydrophilic LTA. This transacylation requires neither ATP nor the D-alanine incorporation system, i.e., the D-alanine activating enzyme and D-alanine:membrane acceptor ligase. No evidence for an enzyme-catalyzed transacylation reaction was observed. We propose that this process of transacylation may be responsible for the redistribution of D-alanyl residues after esterification to the poly(glycerophosphate). As a result, it is difficult to distinguish between these proposed modes of addition.
The assembly of D-alanyl-lipoteichoic acid (D-alanyl LTA) requires a biosynthetic system for selectively acylating the glycerol-phosphate units of the poly(glycerophosphate) moiety with D-alanyl ester residues. These residues play a significant role in modulating the biological activities of this polymer (6, 9, 13) . In Lactobacillus casei the incorporation of D-alanine into LTA is accomplished in the following two-step reaction sequence (14, 18, 20) Enzyme + D-alanine + ATP -enzyme * AMP-D-alanine + PP1 (1) Enzyme * AMP-D-alanine + LTA --D-alanyl-LTA + enzyme + AMP (2) To provide a better understanding of this sequence, intermediates were sought that might participate in the incorporation of D-alanine or in the assembly of the poly(glycerophosphate) moiety. A series of membraneassociated lipophilic compounds containing ester-linked D-alanine was detected in membranes of L. casei (2) . Characterization of these compounds indicated that they are D-alanyl-LTA with short chains of oligo(glycerophosphate). Fischer and coworkers (7, 8, 11) have also described a series of glycerophosphoglycolipids that are presumed to be intermediates in the assembly of LTA. One of those from Bacillus licheniformis is a D-alanyl-glycerophosphoglyco- hydrophilic LTA. Both species of LTA act as acceptors for the activated D-alanine (2). The D-alanyl ester residues are uniformly distributed along the poly(glycerophosphate) chain of the hydrophilic LTA (4, 6) . Esterification of LTA with D-alanine via the two-step incorporation system described above may occur in one of two modes: (i) addition at random or (ii) addition at a defined locus in the poly(glycerophosphate) chain followed by redistribution of the D-alanyl ester residues. The observed uniform distribution of D-alanine was hypothesized to result from rapid transacylation of these residues. This redistribution could occur within the poly(glycerophosphate) chain (intrachain transacylation) or between chains (interchain transacylation). It is the purpose of this paper to demonstrate interchain transacylation of the D-alanyl ester residues. This reaction was detected by the transfer of Preparation of toluene-treated cells and membranes. L. casei ATCC 7469 was grown by the method described by Childs and Neuhaus (4) . The toluene-treated cells were prepared as previously described (4) . Membranes were prepared from L. casei by the procedure described by Linzer and Neuhaus (14) . (2) . Degradation of the labeled hydrophilic product with these enzymes resulted in increasing amounts of 14C that partitioned into the chloroform phase of the Bligh-Dyer extraction system (Fig. 4) . Dyer extraction procedure (1) and assayed for radioactivity.
When subjected to thin-layer chromatography, this material migrated as a series of bands with Rf values similar to those of D-alanyl-lipophilic LTA (2, 23 (13, 17) . These include the binding of Mg2" (12) , the inhibition of autolysins (9) , and the assembly of wall polymers on lipoteichoic acid carrier (6) . Therefore, the esterification of D-alanine to LTA and its distribution along the poly(glycerophosphate) appear to be important to the function of LTA.
The D-alanyl ester residues are evenly distributed along the poly(glycerophosphate) chain in LTA isolated from Staphylococcus aureus (6) . An even distribution of the D-alanyl esters in LTA was also observed when toluenetreated cells of L. casei were incubated wwith labeled D-alanine (4 (2) . Thus, it would appear that this phospholipid is not synthesized in the transacyjation reactiop described in this report.
Transacylation reactions have been suggested for the alanyl ester of D-alanyl-glycerol (4) and the aminoacyl moiety of aminoacyl-tRNA (15) . These reactions are not enzyme mediated, but rather are dependent on vicinal hydroxyl groups acting as nucleophiles. Shabarova et al. (22) recognized the enhanced reactivity of the alanyl ester by vicinal substituents. For example, a phosphate monoester further enhances the reactivity of the ester when compared with the hydropyl group. In a similar manner, the phosphodiester groups of the poly(glycerophosphate) moiety may enhance the reactivity of the D-alanyl ester residues of LTA and thus facilitate interchain and intrachain transacylation of these residues.
As indicated in the introduction, esterification of LTA with D-alanine may occur in one of two modes: (i) addition at random or (ii) addition at a defined locus in the poly(glycerophosphate) chain followed by redistribution of the ester residues. We propose that this process of transacylation may be responsible for the redistribution of the D-alanyl residues after esterification to the poly(glycerophosphate). As a result, it is difficult to distinguish between these proposed modes of addition.
The results also emphasize a unique feature of the D-alanyl ester residues of LTA. This feature may be important for the incorporation of D-alanine into wall teichoic acid. Haas et al. (10) 
